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(54) Thromboresistant coating using silanes or siloxanes 



(57) Coatings are provided in v/hich biopolymers 
may be covalently linked to a substrate. Such 
biopolymers include those that impart thromboresistance 
and/or biocompatibility to the substrate, which may be 
a medical device. Coatings disclosed herein include 
those that permit coating of a medical device in a 



single layer, including coatings that permit applying 
the single layer without a primer.. Suitable biopolymers 
include heparin complexes, and linkage may be provided 
by a silane having isocyanate functionality. Plasma 
deposition and solvent swelling techniques are 
described as preferred methods of depositing a 
derivatized silane or a silane-heparin coating. 
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Description ■ EP 0 982 041 A1 

Background of The Invention 
5 1. Field of the Invention 

CLesiJnUorSS^elTd ^^^^ ^^^^'^^ to the fie., of 

2. Description of Related An 

10 

maTLd to^'S^HS—cS"!^^^^ ht'JT^ '"^'^^^^'^ ^"^-^ted, arteriosclerosis 

arteriosclerosis have haHiXd 5000^5^ tanlrn.fl'",!^'' f"'""^ ^"'^ t^^^^^ents for 

catheter into the artejf of te patient a^d Ixnanrd Lr1f°" ^"f^P'^^tV' therein a balloon is inserted via a 
to a more open state is a welSol trlfZffo?'^!? V'^ ""^^"^'"9 P^^lally closed artery 

" «^byt,eprob.er.sofS^^^^^^^^^^^ °' ^"oon angiopias? 

fS inhM"Sri°a 'SuTe^^Lf Tnilri'^l^^^^^ '^'T^' '° '^'^^^'^ 

?ooSs^"'"r^otLrLr£r^^^^ 

„ intravLular^l°o?"en'r Tro^^boS 2nt i£ bfooffl '^^^ f"" - thror^bo's -n the 

can cause clotting, which can threaten S^e Itfe of th^nifnr f ^™'"'shing its effectiveness, or 
have been sought'to reduce .hVn'Sv^s^^^^ of redudng thrombotic activity 



bet^Jen a paSar mSS^^^^ T t '^"'T '"'-^^^ t° P--*^ --P^tibi.^ 

known as Siromboresistant coating "te intered t^^^^^^^^ ''T °' 

25 foreign object, such as a medical de' ce Jntd tlfe fnteriS of Se body °f ^ 

SS. Hepa^lfnTbioVnthS^'^d' sTor'in°maTcl'%' Qlycosaminoglycan with we«-known anticoagulant 
and gut. Heparin is known to have InHthrnrn^nf. ParticularV the liver lung 

antithrombinll^ plasma roteirwhTch inhTbte sev^^^^^^^^ / ^^^^ *° '^'"^ ^"'^ 

^ heparin coatings, by inhibLg thromboaenS can imnrS^T <^ ^ c°ag"lafon cascade. It has been hoped that 
^ medical devices, such as stente '^^^ ""P^o^e the therapeutic outcomes derived from intra-vascular 

Zl. andr^croX^'ires^oft?: T.rSSt IVcoatT °^ — Pa^^nity -th the 

and insufficient durability For exampTe several known rn.Hnl tf' ^'^"^ ^'okness, difficulty in application, 
between heparin and tSdodec^wS^^^ upon simultaneous coulombic interactions 

hydrophobic interactions bSSaTcT^^^^^^ ion o^h TnTS^° heparin-TDMAC. and 

to the relative weakness of h^ophoSc intSorsuch^r^^^^^^^^ '"'^ '"^"'^^ °f the device. Due 

they are applied within a few hoSrs coEf o^this t^^^ ^^^^ ^"^^trate to which 

beneficial therapeutic results coatings of this type, therefore, are not generally durable enough to provide 

base layer of a second Se comD isSran lthrnm^^^ to the surface, followed by the application to the 

pendent groups of the base Ler of sifanP hP hn h biomolecules, such as heparin. It is necessary that the 

coatings,-a silane ;^th termTn ', .r:^!^^" ,^°"?'l"!"t.^y.^"^ '''^^ to groups on heparin. In some such 
application of heparin in solution ^rto m fhe second n I ^ '^^^^^ 

.functionality of the silane base layer reacte with an ^dehvd/oontl1n''"h ^''^!"P'«^ °f this strategy, the amino ' 
and thereby covalently attach the bfomSle t^he baS £^ '^f"'^*^^ ^° ^ ^chiff base 

a base layer comprising a silane v^thrivl function^^^^^^ 

att^chmen, via free radic^al chemistry,"o; a hepTrfrl-coS^ng dSvL^o E bas'e layer^"'"^' ^^"^"^ 
in thl coat": u iS: aSdZnarcSnaT^f 'oo^m^^^^^ '".""^ bioeffectiveness and stability. Modifications made 
process required to fabricate the poSeric maS n^«f' comprising reactive functionalftes. The multi-step 
resulting coatings. Thick coaSfgs^ present ^number ordl^nlmil '""^"^^"^ thickness of the 
the medical device in the intravaLular Pnwirnnr^rn, ^^'^^ ^"^""^s increase the profile of 

flow, thereby underling ^T.^'era^^^^^^^^^ P^°«'^' r^^^'- reduce blood 

more vulnerable to pitting chippino oracklna or^^^^^^ J . ""^^ render the coating itself 

to intravascular forces. AVofTe foS^^ resu^^^^ '^M'^"' " '^"'"P^'^' ^'^P^^^^d, or subjected 

characteristics of the stent MoreoveT^re^ikelihoo 'k'^ T'^'^l "^'^ the antithrombogenic 

and pits in a coating may incVease the TuLlSSl I ? ^ hypothesized to be greater in thick coatings, 
fabrication requires adSal steS cLtinar?rlnriiL^t^,« °^ "nderiying surface. Because thei 
to manufacture. "^""^^ compnsing multiple layers may also be more difficult and expensive 

[0010] Accordingly, a need exists for a thromboresistant coating that is thin, durable, and biocompatible, and 
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that maybe applied in a single coating. 
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Summary of the Invention 

[0011] Coatings are provided herein in which biopolymers may be covalently linked to a substrate. Such 
5 biopolymers include those that impart thromboresistance and/or biocompatibility to the substrate, which may be a 
medical device. Coatings disclosed herein include those that permit coating of a medical device in a single layer, 
including coatings that permit applying the single layer without a pnmer. It should be understood that rt maybe 
a(*/antageous in some circumstances to apply double layers of the coatings, such as to cover an area of a medica 
device that is used to hold the device while a first layer is applied.. Thus, single, double and multiple layers of 
coatings are encompassed by the coatings disclosed herein. 

[0012] The coatings disclosed herein include those that use an adduct of heparin molecules to provide 
thromboresistance The heparin molecules may comprise heparin-tri(dodecyl)methylammonium chloride complex. Uses 
of the term "heparin" herein should be understood to include heparin, as well as any other hepann complex, 
including heparin-tri(dodecyl)methylammonium chloride complex. 

[0013] The coatings described herein further include those that use a silane or siloxane to covalently link, a 
IS biopolymer to a substrate. The coatings include those derived from silanes or siloxanes comprising isocyanate and 
other electrophilic functionality. 

[0014] • The disclosed coatings include those that can be applied without a base or primer layer. 
[0015] Coatings are also included that provide a thin and durable coating wherein the thickness of said coating 
can be controlled by application of single or multiple layers. ' 
[0016] Coatings are provided wherein thromboresistance activity can be modified by choice of appropnate amounts 
of heparin-TDMAC complex and silane/siloxane. 
[0017] Thin durable coatings are provided having controllable bioactivity. 

.[0018] Single or multi-layer coatings disclosed herein are designed to impart thromboresistance and/or 
biocompatibility to a medical device. In one embodiment, the coating provides for covalent linking, of heparin to the 
surface of the medical device. . 

25 [0019] One costing formulation of the present invention initially consists of heparin-TDMAC complex, organic 
solvent and silane/siloxane. Wetting agents may be added to ttiis formulation. A silane or siloxane is chosen that 
has an optional organic chain between the isocyanate (or other functionality) and silicon a^m^ J^e ispcyanate 
functionality reacts with an amino or hydroxyl group on the hepann (or other biopolymer) molecule. After the 
reaction, the formulation contains covalent adducts of heparin and silane, in addition to "JSanic solvent and other 
additives. Unreacted silane or heparin-TDMAC complex maybe present in the formulation, depending on the relative 
amounts of the reagents utilized. , ., ^ , <,a'^„m 

[00201 Once the coating formulation is applied to a device, the silane/siloxane end group of the adduct 
mentioned above adheres to the substrate surface, and a network, or film, containing ^epann-TDMAC complexes is 
created on the surface of a substrate. Hepann molecules in the hepann-TDMAC complex a e "oiown to have 
anticoagulant properties. When exposed to blood, heparin molecules inactivate certain coagulation factors, thus 

35 preventing thrombus formation. „™,l,„ 
[00211 The direct adherence of the silane/siloxane end group to the substrate means that the coating maybe 
applied to a wide range of medical device materials without the use of a base/primer layer. The covalent bond 
Ken the surface and the silicon of the silane/siloxane comprising the hepann-TDMAC complex provides 
superior durability compared to known coatings. . , ^ i„„„4. „..,oiiinr, 

[0022] The coating can be applied by dip coating, spray coating, painting, plasma deposition, solvent swelling 

''° or wiping For covered devices, plasma deposition and solvent swelling are preferred modes. 

[0023] The coating can be thin and durable. The coating thickness can be controlled in a number of ways, e g., 
by the application of single or multiple layers. Since the coating process described herein '^ay be ?^ one-step 
process, coating thickness is not increased as a result of the need to apply multiple layers, as in certain known 
coating methods. , ., . „,^„,,.^j 

45 [0024] In one preferred aspect, very thin coalings of suitably derivatized silane or siloxane can be prepared 
using a plasma deposition process. Accordingly, it is a further aspect of the present invention to provide a medical 
device having a thromboresistant coating prepared by such a plasma deposition technique. 

[0025] In another preferred aspect using medical devices covered with a fluoropolymeric material a silane or a 
silane-biopolymer is first dissolved In an appropriate organic solvent which. "P°" ,<=°';'f„^;„^'^^;^^^,,f ^^^^^^^^^^^^^ 
swells the substrate surface and carries the solute into the surface-modified substrate^ Upon dn^ng the so ven^^ 

50 the solute {either the silane or siloxane or the silane-biopolymer) remains emtjedded into the surface of the 
substrate thereby providing a thin coating layer with increased resistant to displacement, cracking or Jeaching^ 
When the silane or siloxane alone, is embedded into the covering, further contact with a biopolymer creates the 
covalent thromboresistant complex. Accordingly, it is a further aspect of the present invention to provide a medical 
device having a thromboresistant coating prepared by a solvent swelling technique. . . , , 

„ [0026] The bioeffectiveness of the coatings can be controlled by selecting appropriate amounte of reactante. In 
particular, the thromboresistance activity of the coating can be controlled by modifying the amount of hepann-TDMAC 
complex in the coating. 
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Detaiied Description of the Preferred Embodiments 



isocyanate functionality functionality. Preferably, the siiane or slloxane comprises 

Sex. ''''''''' embodiment the selected biopolymer is heparin-tri(dodecyl)methylammonium chloride 



include isocyanatODroDvltriethnYwiiano ^«^.^r^«/^, ^ J -7 ^ne suosiraie. Kreterred sitanes and siloxanes 

trimethyldisilane%imXSrSeth^disi" hexamethyldisilane. tetrarr,ethyldisloxane, 

v/ithout a primer The single lave72?lhus bp LHo f^ h ?.'^' J" ^ single-layer coating that can be applied 
and other problems that characterlV.r^^ t^.^^^ sufficiently thin to minimize the problems of peeling, cracking, 
matrices for binZ o thf subSe Zl i^X^T"^^ '^''T '""'''P'^ P""'''^- °' 

expansion of a mimical device suS as a sSnt to whTch\S!:^°LT better under the mechanical crimping or 
intravascular environment ' *° ^^'^^ ^'^ ^PP"^^' ^^^^ Perfo™ better in the 

[0040] . For covered medical device surfaces, such as those covered with a po^mer like polytetrafluoroeth^ene 
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(PTFE) or expanded PTFE (TEFLON), fluorlnated ethylene propylene, polytetrafluoroethylene-perfluoroalkyl vinyl ether 
copolymer, polyvinylchloride, " polypropylene, polyethylene terephthaiate, polyurethane. polyureas, fibrins, broad 
fluoride, silicone and' other biocompatible materials, exposure to organic solvents can swell the surface in a 
"spongelike" manner. A PTFE substrate, or other cellular polymeric substrate, when exposed to a solution of a 
thromboresistant material, such as heparin-TDMAC, in a suitable organic solvent will swell to contain the solution. 
Upon drying and/or vacuum removal of the solvent, what is left behind is a substrate surface which contains heparin- 
TDMAC in an inwardly decreasing concentration gradient of an interpenetrating network. 

[0041] Suitable solvents include alcohols such as 2-propanol, aromatics such as toluene or xylene, acetone, DMF, 
ethers such as THF, dimethylacetamide, CH2CI2. hexane and Freon. It is also contemplated that mixtures or blends 
of solvents will be preferred based on the chemical and/or physical properties of the thromboresistant coating 
material or the covered medical device. 

[0042] Bonding of the silane or siloxane to the covered substrate surface of the medical device can also be 
accomplished .by plasma deposition. Plasma treatment is accomplished using a glow discharge ionization chamber, 
whereby the substrate is placed in the chamber and the chamber pressure is reduced to a minimal level, preferably 
below about 0.1 torr, using a vacuum pump. The silane or siloxane is then introduced Into the chamber in gaseous 
form until the chamber pressure reaches a desired level, preferably about 0.3 torr, and then purged again to 
preferably below about 0.1 torr to reduce contamination from ambient gases. This purge-pump cycle may be repeated 
as many times as necessary. The final desired pressure of silane or siloxane is typically from about 0.1 torr to 
about 0.5 torr and most preferably about 0.3 torr. Radio frequency power, preferably from about 10 to about 100 
watts. Is then generated and applied to the gas in the chamber for a fixed period of time, preferably a period of 
about 10 to about 20 minutes. 

[0043] It is necessary to maintain a balance of four factors during the plasma treatment of the substrate 
surface in order to insure sufficient bonding, and to prevent unwanted side reactions at the silane: power (wattage); 
exposure time (reaction time); gas flow rate; and chamber pressure. Variation of one of these factors may cause 
adjustment of the other factors in order to achieve the desired result. The wattage should be from about 1 to about 
700 watts, preferably less than about 200 watts and most preferably from about 5 to about 60 watts. The flow rate of 
the gas in the chamber should be about 0.1 to about 500 cubic centimeters per minute (cc/min). The chamber pressure 
during treatment should- be from about 0.1 to about 100 torrs, preferably from about 0.1 to about 10 torrs and most 
preferably from about 0.1 to about 5 torrs. Exposure time of the substrate surface to the chamber atmosphere varies 
according to the surface material and is typically from about a few minutes or hours to about 24 hours. Preferably, 
at 60 watts, 0.1 torr and 0.3 cc/min, a time of about 10 minutes to about 1 hour is sufficient to coat the substrate. 
[0044] A covered medical device in which a derivatized silane or siloxane has been plasma deposited can then be 
contacted with a biopolymer, such as heparin-TDMAC. under conditions in which the hydroxyl or amino groups of 
heparin react with an electrophilic functionality, such is an Isocyanate, on the silane or siloxane. The resulting 
covalent attachment thereby providing the thromboresistant character to the medical device. 

[0045] The plasma deposition aid solvent swelling processes of the present invention are suitable for medical 
devices covered with a layer of biocompatible material. Preferred biocompatible materials are fluoropolymers, mbst 
preferably PTFE and expanded PTFE (TEFLON), fluorinated ethylene propylene, polyterrafluoroethyleneperfluoroalkyl 
vinyl ether copolymer, polyvinylchloride, polypropylene,, polyethylene terephthaiate, polyurethane, polyureas, fibrin, 
broad fluoride, silicone and other biocompatible materials. 

[0046] Most preferably, medical devices prepared with the plasma deposition and solvent swelling processes of 
the present invention are "expandable" or "self-expanding" stents such as those disclosed in U.S. Parent No. 5,928, 
279, which is herein incorporated by reference in its entirety. "Expandable*' stents are typically formed of spring 
metal, shape memory alloy (e.g., nickel/titanium alloy), or other material which is resilientiy biased toward Its 
fully radially expanded configuration or otherwise capable of expanding to its fully expanded configuration without 
the need for exertion of extraneous forces. Such stents are initially mounted in a compressed configuration via a 
delivery catheter, and once delivered, are allowed to return to the expanded configuration in which the stein was 
initially formed. As used herein, the term "expandable stent' Is meant to include self-expanding stents and stents 
which return to the expanded configuration by the application of temperature. Preferably; the expandable stents to 
be coated with the plasma deposition or solvent swelling techniques of the present Invention are covered with a 
fluoropolymer. 

[0047] To improve hydrolytic stability, non-functional silanes can be added to the formulations disclosed 
herein. Other silanes may be used to link to substrates, such as trihalosilanes, and silanes having methoxy and 
ethoxy groups. Silanes having tri'ethoxy, trialkoxy, trichloro, and other groups maybe provided to yield the covalent 
linkages present in the coatings disclosed herein. The non-functional silanes may be selected from the group 
consisting of chain alkyltrialkoxysilanes and phenyltrialkoxysilanes 

[0048] ,|n an embodiment, the amount of functional silane is preferably selected to provide substantially 
complete coverage of the substrate surface; that is, it may be desirable to have the single layer cover all of the 
surface that would otherwise be exposed to the environment In which the substrate will be placed. 
[0049] The adherence of the silane end group to the substrate means that the coating may be applied to a wide 
range of medical device materials without the use of base/primer layer. The covalent bond between the heparin-TDMAC 
complex and the substrate provides a thin and durable coating. The coating's thickness. can be controlled, e.g. by 
choice of the length of the chain connecting the silane and isocyanate functionalities. 

[0050] The bioeffectiveness and/or biosotivity of the thromboresistant coating can be controlled by selecting 
appropriate amounts of reactants. In particular, the thrombofesistance activity of the coating can be modified by 
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modifying the amounts of heparin-TDMAC complex and silane in the coating. 

[0051] Single layers have further advantages in that problems may arise in the extra steps required for the 
deposition of multiple layers. For example, dust or other particulates may appear between coatings in two-step 
processes. Also, application of a second layer may tend to reduce reactivity of the first layer in an unpredictable way. 
[0052] Coatings of the present invention may be applied to medical devices that are placed In the body of a 
human, or that remain outside the body. Coated medical devices that are placed In the human body may Include stents, 
cathethers, prostheses and other devices. Coated medical devices that remain outside the human body may include 
tubing for the transport of blood and vessels for the storage of blood. Substrates or medical devices on which the 
coatings described herein may be applied can include a wide variety of materials, including stainless steel, nitinol, 
tantalum, glass, ceramics, nickel, titanium, aluminum and other materials suitable for manufacture of a medical device. 
[0053] The coatings disclosed herein may further include a film-forming agent for the coating. The fiim-forming 
agents could slow any leaching of the biopolymer from the coating. The film forming-agent could be added in a second 
layer, or dissolved simultaneously v\^h -the silane and the biopolymer. Appropriate film-forming agents could Include 
cellulose esters, polydialkyi siloxanes, polyurethanes, acrylic polymers or elastomers, as well as biodegradable 
polymers such as polylactic acid (PLA), polyglycolic acid (PGA), copolymers of PLA and PGA. known as PLGA, poly(e- 
caprolactone), and the like. 

[0054] To create coatings of the present invention, the silanes and heparin complex are dissolved in a solvent, 
which may be an organic solvent. The solutions preferably should be substantially anhydrous, because water tends to 
react with Isocyanate groups of the silane molecule. The water may be added after mixing the sllane-lsocyanate with 
heparin. In certain embodiments, the silane and heparin are combined in solution, the resulting solution is aged for 
about one day, the pH is adjusted with a weak acid, and then water is added to hydrolyze silane. The pH of the 
solution may be adjusted with aqueous acetic acid. Instead of adding water, it is possible to hydrolyze the silane 
groups by exposure to moist atmospheric conditions. It is desirable to mix the silane and heparin complex In a 
manner so as to include a slight excess of heparin molecules, so that all of the isocyanate is reacted, preventing 
adverse reactions between the isocyanate and any water. Moreover, it is desirable to have a single heparin react 
with each silane isocyanate functional group; this goal is most easily accomplished by starting with an excess of 
heparin. 

[0055] Based on experimental results, it was found that, in certain embodiments, solutions of about two-tenths 
percent heparin complex and about five-tenths percent slime provided effective coatings. However, coatings in a 
fairly. v\/ide range may be effective. Thus, coatings are likely to have some effectiveness Incases in which heparin 
complex is present in concentrations ranging from about one-tenth of a percent to about twenty percent Coatings 
with heparin In concentrations of less than ten percent may be preferable in some formulations. Coatings with 
heparin in concentrations of less than five percent may be preferable in other formulations. Coatings may be 
expected to be effective in formulations In which silane Is present In a v^der range of concentrations as well, 
including concentrations ranging from about one-tenth of a percent silane to about twenty percent silane. 
[0056] The throm bo resistant characteristics of heparin coatings can be assessed qualitatively and quantitatively, 
so that methods can be developed that provide uniform coating with a desired amount of bioactivity. Successfully 
heparinized surfaces give a purple stain when exposed to toluidine blue. After coating, the surface Is exposed to a 
saline solution- for a number of days or weeks, and thromboresistance activity is measured as a function of time. 
Stents and coupons coated as disclosed herein were shown experimentally to display long-lived thromboresistant 
properties; bioactivity persisted for periods on the order of months, and it will probably endure much longer. 
[0057] The heparin activity of a sample may be quantified based on its ability to inactivate thrombin. To 
quantify heparin activity In experimental assays, heparin may be first mixed with human antithrombin 111, which 
binds to create a complex. The heparin-antithrombin 111 complex can then be mixed with thrombin to produce a ternary 
complex comprising heparin, thrombin, and antithrombin. The heparin then departs this complex and is free to react 
again with available antithrombin and thrombin to create additional thrombin-antlthrombin complexes. Thus, heparin 
acts as a catalyst for the antithrombin-mediated deactivation of thrombin. The reaction of the active thrombin still 
left in the solution with a substrate produces a proportional amount of p-nitro aniline exhibiting color. Thus, an 
assay may be conducted for a spectrophotometric analysis of color, to determine the amount of thrombin left in 
solution. The more thrombin left in solution, the lower the bioactivity of the heparin. A low level of thrombin in 
solution indicates a high degree of catalysis of the thrombln-antithrombin reaction, which indicates a high level of 
thrbmboresistance provided by the heparin. A baseline comparison for the assay is the very slow reaction of thrombin- 
antithrombin in the absence of heparin. The results of the assay can be quantified using spectrophotometry. The 
assay mimics the reactions that occur in the human bloodstream, where thrombin and anti-thronibin circulate at ail 
times. The reaction between antithrombin and thrombin in the body, which is catalyzed by the heparin of the coatings 
of the present invention, helps suppress the coagulation that results from thrombogenesis on a medical device. 
[0058] Various methods of making coatings of the present Invention are possible, and examples of such methods 
and certain resulting coatings are as follovvs. Such methods and coatings are disclosed by way of example, and are 
-not intended to be limiting, as other examples may be readily envisioned by one of ordinary skill in the art. The 
following examples Include methods of providing coatings of the present invention in a single layer, without the 
need for a primer layer,, as well as methods of controlling the bioactivity of the resulting coating. In some 
instances, experimental results are provided showing sustained bioactivity for the particular coating. 
[0059] Coatings can be applied in a wide variety of conventional ways, Including painting, spraying, dipping, 
vapor deposition, epitaxial growth, plasma deposition, solvent swelling and other methods known to those of ordinary 
skill in the art. 



EP 0 982 041 A1 . . 

rooeoi To test coatings disclosed herein; infrared scans were performed to demonstrate changes in the 'socyanate 
[0060] 1 0 lesT coaungs ui&^.uscu ■ 2260 or 2270 cm-1) over time. Isocyanatosilane was 

for different solution constitutents: 



TABLE 1 



Solution 



1) Silane + THF 

2) Silane + THF + TDMAC 

3) Si!ane + THF + Triton 

4) Silane + THF + Heparin-TDMAC 
complex. 



Obsen/ation 



No change in peal< with time 
No change in peak with time 
No change in peak with time 

Peak disappears with time depending on the concentration of silane and 
heparin-TDMAC complex 



me p>9senee of h.pann n Ihe sample being '^^'^f^ /^'SJ'^Kfir^™!!^ Waal's »' »» 

L,Jntlon=l thrombin Inhibition a,s„ Mohn,,oe^ Tn. ^'P^SLSS Tho pu™l^^ 

place in order to determine heparin activity. In the first reaction: 

Heparin + ATIII (excess) — - [Heparin" ATlll] 
Heparin reacts with Human Antithrombin 111 (■•ATlll") to yield a Heparin-Antithrombin III complex. In the second reaction: ' 

[Heparin-ATIII] + Thrombin (excess) -- [Heparin*ATIirThrombin] ^Thrombin 
the Heparin-Antithrombin complex reacts with Thrombin to ^eld a Heparin-Antithrombin-Thrombin complex. In the third 
reaction: 

S2238 + Thrombin —peptide + p-nitroaniline (measured at 405 nm) 

the amount of the thrombin was measured. As a result, the size of the p-nitroaniiine peak measured at 405 nm is 
inversely proportional to the amount of heparin present. 

Examples 

present invention, and are not intended to limit the invention. 



General Procedures 
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[0065] 



steel coupons and scents were cleaned hpforr^ri«;„ T-t oegrees Celsius for a selected tme period. Stainless 
soK^ents, such as hexane and isopropano fo^^ nnsinoTth'd'L'tiwfr ''"'"^ 

carried out in an ultrasonic bath for wTeen Sutes After T.^nmn J,™ procedure was 

where more than one set of data is n Lri^d for =^ somewhat depena.ng on particular sample conditions. In cases 
at distinct poslons on ^a samiTJ dirsets'Tth^T ts« f 'f' '''' ''''^ measurements taken 
precision in the measurements. ^ "^^^^ necessarily reflect a lack of 

Example 1 

THt\e coSilTwr 3rc:r^^^^^^ --P-. 2% .lane and 97% 

in/mm. to g^,e a single layer of^oa^g Resllte ^sL^^^^^^^ ""^ °^ ^^"""^^ ' ^°^«"9 ^Peed of 10 



Sample 


Activity, mU/cm^a 




Unwashed ] 7 days wash 


97-080-90C 


<10 


<10 


97-080-90C 


<15 


<10 


97-080-90D 


<15 


<5 


97-080-90D 


<15 . 


<5 



al'rrewlefoTefpo?^^^^^^^ '''' ^-^'"9 -''^ -ter. The coating showed heparin acth^fty 

Example 2 

complex, 2% silane and 96% THF andTsm J, a^^^^^^ L^nt 2% heparin-TDMAC 

washed or not washed before being mlas^^^^^^ 

Results are set forth in Table 3 measured under the indicated conditions after the indicated amounts of time 



Sample 



97-100-9A 



^ 1 day unwashed 



97-100-9A 



97-100-9B 



97^100-98 



Table 3 



Activity. mU/cm^a 



<50 



<50 



<50 



<75 



2 days unwashed 



<75 



<75 



<75 



<75 



1 day wash 



<15 



<15 
<25 



<15 



2 days wash 



<25 



<25 



<50 



<50 



7 days wash 
<25 



<25 



<50 



<10 



of'SsS^^ci:^^^'^^^^^^ S ^ =-P°n Showed heparin activity after seven days 

formulations and coating proceiTs ^^P""" ^'^'^'^ ^^"^'^ "^ing different coating 

Example 3 

[0069]. Stainless steel coupons were dipped once, at speeds of'lO in/min and 42 in/min, and for dv.ell times of 
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.V ■ . ^r.rA fiff^c^n minntpci and resultinQ In coatings of different thickness, in the following 
five seconds, two minutes and fifteen minutes and resulting n uudi y 



Sample 


Activitv. mU/cm^a 






1 day unwashed 


1 day wash 


7 Hav/c VA/sch 


97-1 00-1 5A 


<150 


<10 




97-1 00-1 5A 


<100 


<10 


<in 

1 u 


97-1 00-1 5B 


<50 


<10 




97-1 00-1 5B 


<25 


<1 


<:9S 


97-1 00-1 5C 


<75 


<25 




97-1 00-1 5C 


<100 


<50 




97-1 00-1 5D 


<150' 


<50 




97-1 00-1 5D 


<150 


<50 




97-1 00-1 5E 


<150 


<10 




97-1 00-1 5E 


<150 


<25 




y 1 UU- 1 Dr 


<150 


<10 


<25 


97-1 00-1 5F 


<200 


<25 


<25 


97-1 00-1 5G 


<150 


<25 




97-1 00-1 5G 


<150 


<25 




97-1 00-1 5H 


<150 


<50 




97-1 00-1 5H 


<150 


<50 




97-100-151 


<200 


<100 


<50 


97-100-151 


<200 


<75 


<75 - 


97-1 00-1 5 J 


<200 


<100 




97-100-15J 


<250 


<100 





seven day results were for certain pieces rr^easured at the one J^V P^^^;^ -3'J,r:a^h t.h1t^^^^^ diffS^vS 
Example 4 

[0070] Stainless steel coupons were dipped once, at speeds of 10 in/min for dwell ^^^^..^^^"g^g^f ^ ^p'anTa 
were then redipped in toluidine blue and checked for the presence of a stain. Results are shown 



Sample 


Appearance 


1 duic -J 

Toluidine blue stain before rub test 


Toluidine blue stain after rub test 


97-100-30A 


Good coating, thin 


Uniform, light 


Uniform, light 


97-100-30B 


Good coating, thin 


Uniform, light 


Uniform, light 


97-100-30C 


Good coating, thin 


Uniform, light 


Uniform, light 


97-100-30D 


Good coating, thin 


Uniform, light 


Uniform, light 


97-100-30E 


Good coating, thin 


Uniform, light 


Uniform, light 


97-100-30F 


Good coating, thin 


Dark gritty stain 


Uniform, light, some peeling 



coated sample in 
are shown in Table 6 
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Sample 


Solvent 
IPA 


Toluene 


1 aiH\s o 

Hot water (high pressure 
flow) 


Hot water (high) pressure 
flow) 


.Acetone 


97-100- 
30G 


Good purple 
stain 


No 
stain 


Light stain 


Light stain 


Good 
stain 



Heparin activity is displayed in Table 7. 



Table 7 



15 



20 



Sample 


Activity, nnU/cm^a 




1 day unwashed 


1 days wash 


97.100-30A 


<150 


<25 


97-100-30A 


<150 


<25 


97-100-30B 


<75 




97-1 00-30B 


<75 




97-100-30C 


<50 




97-100-30C 


<50 




97-100-30D 


<50 




97-100-30D 


<50 




97-100-30E 1 <10 




97-100-30E 


<25 




97-100-30F 


<10 




97-100-30F 


<25 




97-100-30G 


<25 


<25 


97-100-30G 


<25 


<25 



coating durability, and tha heparin Sll w^. nri^^ni ff ^^^L"^ "^^u ^ different effect on 

heparin actK^fty Sn be vaiSd'u's^ng diS^^^^^ "^^^'"S' '^^"^^^ P^^^'^^d further evidence that 

Example 5 

Triton; 2) 2% heparin-TDMAC complex ^ 8% T^-''^'' ' 

in7oi!idlne ^ILfand Xcle77or'''^^^^^^^^ blue solution and rubbed v.th fingers underwater, then redipped 

•displayed in Table 9 ' ^''P'^^^^ ^^^'^ 8. Heparin activity for this exam^e is 

!uSg doe^nofrS^^^^^^^ I'f jld^ 'IT.^'T ^'^'^'"^^^ ^'^^'^^ ^^^^^^^ - Also, 
processes. ^ ' ^^P^"" ^^^'^'^ ^® ^^^led using different coating formulation and 



Sample 



97-100-36A (2 min) 
97-10Q-36A(15 min) 



97-100-366(2 min) 
97-100-366(15 min) 



Appearance 



Good coating 



Good coating 



Good coating 
Good coating 



Table 8 



Toluidine blue stain before rub test 



Uniform stain 



Uniform s tain 
Uniform stain 



Uniform stain 



Toluidine blue stain after rub test 



Uniform 



Uniform 



Uniform 



Uniform 
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5 



Sample 


Appearance 


Toiuidine blue stain before rub test 


Toiuidine blue stain after rub test 


97-100-36C (15 min) 


Good coating 


Very thick, gritty 


Uniform, some peeling 


97-100-36C (15 min) 


Good coating 


Very thick, gritty 


Uniform, some peeling 


97-100-36D (2 min) 


Good coating 


Uniform stain 


Uniform 


97-100-36D (ISmin) 


Good coating 


Uniform stain 


Uniform, some peeling 



Table 9 



Sample 


Coating (%/% 
heptdmac/silane 


Activity, mU/cm^a 






1 day 
unwashed 


30 days 
unwashed 


1 day 
wash 


30 days 
wash 


87 days 
wash 


97-100-36A(2 
min dwell) 


2.0/4.0 


<150. <125 


<50 


<25, 
<25 


<5 


<1,<1 


97-100-368(2 
min) 


4.0/8.0 


<25, <25 


<25 


<25. 
<25 


<5 


•<1,<1 


97-100-36C (2 
min) 


4.0/4.0 


<175. <:150 


<150 


"<50, 
<25 


<5 


<1. <1 


97-100-36C (2 
min) 


Diluted, 4.0/4.D 


<50, <100 


<150 


<25, 
<25 


<5 


0, <1 



25 



Example 6 



30 



35 



40 



45 



[0076] Stainless steel coupons were dipped once, at speeds of 10 in/min and for a dwell time of two minutes, in 

the following formulation: 2% heparin-TDMAC complex, 2% silane and 96% THF and a small amount of Triton. The 

coupons were then either left unsterilized, or sterilized with ethylene oxide or gamma radiation. 

[0077] Results for non-sterile coupons are in Table 10. 

[0078] Results for ethylene oxide sterile coupons are in Table 11. 

[0079] Results for gamma radiation sterilized coupons are in Table 12. ' 

[0080] The resulting coatings were thin, with long term durability as evident by heparin activity results. 

Sterilization did not appear to affect coating properties, regardless of the sterilization mode. 



Sample 


Coating (%/% 
heptdmac/silane) 


Dip 


Activity, mU/cm^a 








unwashed 7 
days 


Unwashed 28 
days 


7 days 
wash 


28 days 
wash 


97-100- 
66A 


2.0/2.0 


Single 


<125, <100 


>10, >12 


<10. <10 


<2, <1 


97-100- 
66E 


2.0/2.0 


Single 


<100, <125 


•>10, >16 


<10, <10 


<1. 0 

















Table 1 1 



55 



Sample 


Coating (%/% heptdmac/silane) 


Dip 


Activity, mU/cm^a 








1 day unwashed 


14 days unwashed 


1 day 


14 days 


97-100-66A 


2.0/2.0 


Single 


>12 


>16. >16 


<15 


<2. <2 


97-100-66E 


2.0/2.0 


Single 


>12 


>16. >16 


<10 


<3. <2 
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Table 12 



5 



10 



Sample 


Coating (%/% 
heptdmac/silans) 


Dip 


Activity, mU/cm^a 








1 day, 
unwashed 


.14 days 
unwashed 


20 days 
unwashed 


1 day 
wash 


14 days 
wash 


20 
days 


97-100- 
65A 


2.0/2.0 


Single 


<200, 
<200 




>16 


<20, 
<20 


<1. <1 


<1. 
<2 


97-100- 
66E 


2.0/2.0 


Single 


<200, 
<200 


>15 


>16 


0,0 


<2, <2 


<2. 
<2 





















75 Exam pie 7 

[0081] Stainless steel coupons were dipped once, dipped twice, or dipped, washed, and then dipped again, at 
coating speeds of 10 in/min and for dwell times of two minutes, in the following formulations: 1) 0.5% heparin-TDMAC 
complex, 0.5% silane. 99% THF & small amount of Triton; 2) 0.5% heparin-TDMAC complex, 2.0% silane. 97.5% THF & 
small amount of Triton; 3) 2.0% heparin-TDMAC complex, 0.5% silane, 97.5% THF & small amount of Triton; and 4) 
20 2.0% heparin-TDMAC complex, 2.0% silane, 96% THF & small amount of Triton. 
[0082] Heparin activity is shown in Table 1 3. 

[0083] The resulting thin coatings demonstrated heparin activity, including light stains before and after 
rubbing. The long term durability of the coatings were evident through heparin activity results. Coating properties 
were variable according to different coating methods. 

25 Table 13 



35 



. 40 



55 



bampie 


Costing (vo/ /o 
heptdmac/silane) 


Ulp. 


Activity, mU/cm^a 








12 days 
unwashed 


18 days 
unwashed 


12 day 
wash 


18 day 
wash 


26 day 
wash 


72 day 
wash 


97- 
100- 

69A 


0.5/0.5 


Single 


>10 


<175 


0 


<5 




0 


97- 

100- 

69B 


0.5/0.5 


Double 


>10 


<150 


<2 


<2 




.<1 


97- 

100- 
69C 


0.5/0.5 


Dip/wash/Dip 


>10 


<125 


<2 


<2 


<1 


<1 


97- 
100- 

69D 


0.5/2.0 


Single 


<10 


<75 


<1 


<5 




<1 


■ 97- 
100- 
69E 


0.5/2.0 


Double 


<5 


<5 


<1 


<5 




<1 


97- 

100- 

69F 


0.5/2.0 


Dip/wash/Dip 


<2 


<5 


<2 


<5 


<2 


<1 


97- 

100- 

69G 


2.0/0.5 


Single 




<15 




<5 




<1, 
<1 


97- 

100- 

69H 


2.0/0.5 


" Double 




<5 




. <5 




<1. 
<1 


97- 

100- 

691 


2.0/0.5 


Dip/wash/Dip 




<2 




<5 


<2. 
<2 


0. <1 


97- 

100- 

69J 


2.0/2.0 


Single 




<150 




<5 




<1. 
<1 
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Sample 


Costing (%/% 
heptdmac/silane) 


Dip 


Activity, mll/cm^a 














12 days 
unwashed 


18 days 
unwashed 


12 day 
wash 


18 day 
wash 


26 day 
wash 


72 day 
wash 


97- 
100- 

69K 


2.0/2.0 


Double 




<200 




<5 




<1. 
<1 


97- 

100- 

69K 


2.0/2.0 


Dip/wash/Dip 




<250 




<5 


<3. 


<1, 
<1 



Example 8 

I00B4] Sta.niess steei coupons were d.pped tw.ce, ^ -^^^^^^^^ 

[n/min and for dwell times of two minU^^ 'n ^'^^jng o mu^^^^ ^^.^^ 
99% THF; and 2) 0.5% heparin-TDMAC complex. 2.0% silane, y/.D /o- 1 nr. i ne 
acetic acid. 

[0085] Heparin activity as shown in Table 14. 

Table 14 



Sample 



97-100-93A 



97-100-93B 



97-100-93C 



97-100-93D 



Coating (%/% heptdmac/silane) 



0.5/0.5 



0.5/0.5 



0.5/2.0 



0.5/2.0 



Dip 



Double 



Dip/wash/Dip 



Double 



Dip/wash/Dip 



Activity, mU/cm^a 



1 day unwashed 



<75 



<50 



<50 



<1 



1 day 



<2 



<3 



'<2 



<1 



43 days 



<2, <1 



<1. <1 



<2. <2 



<2. <2 



were variable according to different coatng methods. 
Example 9 

10087] Stainle. steel coupons and stainless steel stents -. dipp^^^^^^^^^ 

and distilled water, and dipped again at coa ing ^Pf eds °f 0 in mm an^^^^^ ^ 0.5o^ 

^p^SS^AcTo^^pr^K^^^^^^^^^^ 

[0088] Heparin activity is shown in Table 15 onnnests that most unattached heparin 

[0090] Activity on stents is disclosed in Table 16. 



Table 15 . 


Sample 


Coating (% / % 

heptdmac/ 

silane 


Dip 


Activity, mU/cm^a 














1 day 
unwashed 


11 days 
unwashed 


t day 
washed 


11 . 
days 
wash 


25 days 
wash 


43 

days 

wash 


97- 

100- 

92A 


0.5/0.5 


Double 


<25 


<25. <25 


<2 


<1. 
<1 


<1, <1, 
<5. <2. 
<2, <2 




97- 

100- 

92B 


0.5/0.5 


Dip/wash/Dip 


<25 


<10, <25 


<2 


<1. 
<1 


<2, <2, 
<2, <2. 
<1. <2 





10 



Sample 


Coating (% / % 

heptdmac/ 

silane 


Dip 


Activity. mU/cm^a 








1 day 
unwashed 


11 days 
unwashed 


1 day 
washed 


11 

days 
wash 


25 days 
wash 


43 

day's 

wash 


97- 

100- 

92D 


0.5/2.0 


Double 


<10 




. <5 




<5, <2 


<1. 
<2 


97- 

100- 

92E 


0.5/2.0 


Dip/wash^lp 


<25 




<2 




<2. <2 


<1 <1 



15 



20 



Sample 



97-100-92C 



97-100-92F 



Table 16 



Coating (% / % heptdmac/silane 



0.5/0.5 



0.5/2.0 



Dip 



DIp/wash/DIp 



Dip/wash/DIp 



Activity, mU/cm^a 



1 day unwashed 1 day 



<125 



<50 



<50 



<50 



25 



30 



Example 10 

Sog sJSTwVLr^ZVl'^Tf^^^ '^'^^^'^ "^^^^'^ '^^ <^'PPec^ again at 
TDMAC complex. 0.5% silre, 99^.?TH^^^^^^ following formulations: 1)0%/. heparin 

t0093] Heparin activrty on coupons is shown i, Ta^e i? ° ' ^^^^ 



35 



40 



45 



50 



Sample 


Coating (% / % 
heptdmac/silane 


1 cauie { f 

Dip 


Activity. mU/cm^a 








2 days 
unwashed 


2 days 
wash 


34 days 
wash 


97-101-25A, Red 


0.1/0.5 


Double 


<25 


<1 


<2 


97-101-25A, Red 


0.1/0.5 


Double • 


<25 


<1 


<2 


97-101-25B. 
green 


0.1/0.5 


Dip/wash/dip 


<75 


0 


<2 


97-101-25B, 
green 


0.1/0.5 


Dip/wash/dip 


<50 


0 


<2 


97-1 01 -250, 
yellow 


0.2/0.5- 


Double 


<50 


<1 


<5 


97-101-25C, 
yellow 


0.2/0.5 


Double 


<25 


<1 


<5 


97-101-25D, 
brown 


0.2/0.5 


DipAvash/dip 


<50 


<1 


<2 


97-101-25D. 
brown 


0.2/0.5 


Dip/wash/dip 


<25 


<1 


<2 



55 



[0094] 



Hepain activity on sterns is shown in Table 18 
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Table 18 



Samole 


N^Uallliy ^ /o / /o 

heptdmac/silane 


riin 


Activity, mU/cm^a 








2 days 
unwashed 


2 days 
wash 


1 6 days 
wash 


97-101-25A Red 




LJUUUIC 


<225 


<5 


<2 


97-101-25A. Red 


0.1/0.5 


Double 


<225 


0 


<3 


97-101-25B, 
green 


0.1/0.5 


Dip/wash/dip 


<125 


<1 


<2 


97-101-25B, 
green 


0.1/0.5 


Dip/wash/dip 


<100 


0 


<5 


Q7-ini "y^r 
yellow 


U.z/U.O 


uouDie 


<200 


<15 


<3 


97-101-25C, 
yellow 


0.2/0.5. 


Double 


<100 


<5 


<10 


97-101-25D, 
brown 


0.2/0.5 


Dip/wash/dip 


<200 


<5 


<10 


97-101-25D. 
brown 


0.2/0.5 


Dip/wash/dip 


<225 


<10 


<5 



[0095] The resulting thin coatings showed light stains before and after rubbing. The coatings were durable as 
evident from heparin activity results. Coating properties were variable depending on different coating methods. 

Example 11 

[0096] Stainless steel stents were dipped once, at coating speeds of 10 in/min and for dwell times of five 
seconds and two minutes, in the following formulations: 1) 4.0% heparin-TDMAC complex, 8.0% silane, 88% THF small 
amount of Triton; 2) 4.0% heparin-TDMAC complex, 4.0% silane, 92% THF, small amount of Triton* and 3)' 2 0% 
hepann-TDMAC complex, 2.0% silane, 96% THF, small amount of Triton. ' . 

. [0097] Heparin activity is shown in Table 1 9. 



Table 19 



Sample 


Coating (% / % heptdmac/silane 


Dip 


Activity, mU/cm^a 








Unwashed 


* 3/4 days 


97-100-50A 


4/8 


Single 


<175 


<50 


97-1 01 -508 


4/4 


Single 


<150 


<125 


97-100-54B 


2/2 


Single 


<225 


<25 (4 days) 



Again, coating properties varied using different coating methods. 
Example 12: 

[0d98] Stainless steef sterns were dipped twice, at coating speeds of 10 in/min and at a dwell time of two 
minutes. In the following formulations: 1) 0.2% heparin-TDMAC complex. 0.5% silane; 2) 0.5% heparin-TDMAC 
complex. 0.5% silane; 3) 0.5% heparin-TDMAC complex, '1.0% silane; 4) 1.0% heparin-TDMAC complex, 1.0% silane; 
and 5) 1.0% heparin-TDMAC complex. 2.0% silane. Stents were either left unsterilized or were sterilized with gamma 
radiation. 

[0099] Table 20 shov^ results for non-sterile stents. 



Table 20 



Sample # 


Coating (% / % heptdmac/silane) 


Dip 


Activity, mU/cm^a 








4 days unwashed 


4 days 


97-101-86A 


0.2/0.5 


Double 


<100 


<1 


97-101-86A 


0.2/0.5 


Double 


<125 


<1 


97-101-868 


1.0/2.0 


Double 


<200 


<10 
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Sample # 


Coating (% /% heptdmac/siiane) 


Dip 


Activity, mU/cm^a 










4 days unwashed 


4 days 


57-101-868 


i.oy2.o 


Double 


<225 


<5 


97-101-860 


1.0/1.0 


Double 


<225 


<5 . 


97-10V86C 


1.0/1.0 


Double 


- <225 


<5 


97-101-86D 


0.5/1.0 


Double 


<200 


<5 


97-101-86D 


0.5/1,0 


Double 


<225 


<5 


97-101-85E 


0.5/0.5 


Double 


<225 


■ <5 • 


97-101-86E 


0.5/0.5 


'Double 


. <200 


<5 


97-101-86F 


0-5/1.0 Sutton 


Double 


<125 


<1 


97-101-85F 


0.5/1.0 Sutton 


Double 


<125 


•<5 



[0100] Table 21 shows activity for sterile stents. 



Sample # 


Coating (% / % heptdmac/siiane) 


Dip 


Activity, mU/cm^a 










4 days unwashed 


4 days 


97-101-86A 


0.2/0.5 


Double 


>200 


<1 


97-101-86A 


0.2/0.5 


Double 


>200 


<5 


97-101-86B 


1.0/2.0 


Double 


>200 


<10 


97-101-86B 


1.0/2.0 


Double 


>200 


<5 


97r101-86C 


1.0/1.0 


Double 


>200 


<10 


97-101-86C 


1.0/1.0 


Double 


>200 


<10 


97-101-86D 


0.5/1.0 


Double 


>200 


<5 


97-101-86D 


0.5/1.0 


Double 


>200 


<5 


97-101-86E 


0.5/0.5 


Double 


>200 


<5 


97-101-86E 


0.5/0.5 


Double 


>200 


<5 


97-101-86F 


0.5/1.0 Sutton 


Double 


>200 


<5 


97-101-86F 


0.5/1.0 Sutton 


Double 


>200 


<5 



sterilization showed no effect on coating properties. The coatings were durable on stents, as evident by heparin 
activity alter several days of washing. 

Exsmple 13 

[0101] Several coupons and stents were coated with 0.2% heparin-TDMAC complex, 0.5% silane and 99.3% THF. 
These pieces were sterilized by gamma radiation and sent to NAMSA for biocompatibility testing. Three tests. 
Hemolysis Cytotoxicity and Thromboresistance, were conducted. The coating passed all three tests. 
[01021 ' In addition to the foregoing examples, various other methods and coatings may be envisioned in the spirit 
of the present disclosure. For example, heparin might be covalenUy linked to a substrate with' a silane identified 
as capable of being soaked into a stainless steel surface. The silane compound could have amino or epoxy terminal 
groups The silane could thus be used to link heparin molecules to the substrate in a manner similar to the- silane 
Of isocyanate functionality disclosed herein. Heparin could then be prepared with an aldehyde positive group that 
mixed with an NH2 group to provide an end linkable to heparin without affecting its activity. The procedure to make 
degraded heparin is well known to those of ordinary skill in the art: , w 

[01031 - A coating system may also be provided in which heparin can be covalentily linked or can be incorporated 
into a matrix to obtain variable rate of elution. A silicon fluid, such as Dow Corning MDX 4-4159 Is used wi^*e active 
silicon being an amino functional polydimethyl siloxane copolymer. The coating maybe used to coat stainless steel 
guide wires This working can be utilized for heparin covalent-bonding as descnbed below. 

[01041 First a solution of heparin (deaminated) in water or other solvent may be provided. A wire coated with a 
silicon fluid in a' solvent may be placed in the solution for some time, for example Wvo hours. J^e hepann has an 
aldehyde group that can link to the amino functionality in the silicon copolymer. Other amino functionalized silicon 
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polymers, or copolymers, can be used to achieve covalent^ ^^^.^^^ ^,,„ 3^ 

t0105] Having now fully described this '"^f ^'""■^^^Y aJ'Tco^^^ tormulations, and other parameters 

irut SnTth^s^^^^^^^^^^^^^^^ ^' '-'-'^ ^"'"""^ 

are ful^ incorporated by reference herein in their entirety, 
a biopolymer. 



3. The process 

siloxane. 



4. 
5. 



,, c« 2, s*l biopovm., IS capable ol « = a>v« bond * s« *™. or saw 

Th, p,oces, c( CB.m 2, wher.n s.d biopolym, proves th.omboresMbC!. 

Tb, p„ce.. 0, 2, w-rr rrSi;iutSS.*b"p^-S^^^^^^^^ '!^^'^ 

chloride, and heparin^synthetic glycolipid complex. 
6. The process of Cairn 5, v^herein s.d t^opolymer . derived from heparin-tridodec^methylammonium chlonde. 
7 The process of claim 1 , v^herein said functional group is an Isocyanate. 

. The process of Cairn 7. further comprising contac«ng s.d silane^oated or siloxane-coated r^edical device w,th 
a biopolymer. 

9 The process of daim 8, v^herein said biopolymer provides thromboresistance: 

10. The process of Caim 9. wherein sa,d b,opoVmer^^ t^:^^ X^tsSo.^^^^J. '^.1^- 

^SS!='''^SS^^^ ------ 

chloride, and heparin-synthetic glycolipid complex. 
Tb.p,.co,so,c,*10..*«*s^<.b..pol»"e--.de««..omb.p.*.«od«,™m,l3^^^ 

13 Th. prooe» ot c«m 12, ^ m«o« Mb=, co»p™» a pclyme, co.enng. 

„. Tbo P..ce» 0, Cin, ,3. wba,» said <'Z^"^;rX/£:!' ^^i^-.C^l^^^XS 

fibrins, silicone and broad fluoride. 
«. Tbc process o, Cain, ,4. ,U«ba. co,.p,«b, C.UCng s.d ,.a„a-co«ad s,.x,„o<o«sd ^ d.»ce 

^witii a biopolymer. 

16* The process of daim 15. wherein said biopo^mer provides thromboresistance. 

17. The process of Caim 16, wherein said biopolymer is derived ^'^J^^^^^T^^^ "l^:!: 

■ Chloride, and heparin-synthetic glycolipid complex. 
18 The process of daim 17. wherein said b,opo,mers der.ed from heparin-tridodec^meth^ammonium chloride. 

catheter and a prosthesis. 
20. The process of claim 19. wherein said stent is an expandable stent. 
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21. A-coated medical device, comprising: 



alkyl halide. an epoxide and an aziridine 'somiocyanate. an ester, an anhydride, an acyl halide. an 

22. The coated medical de.ce of daim 21. wherein said functional group is an isocyanate 

''■silo'^n:."*^ '^^''^^ ^"'ther con,pr.ing a biopolymer covalent^ «nked to said silane or said 

24. The coated medical de.ce of claim 23. wherein said t^opo^mer prcdes thrombores^tance 

25. The coated medical device of claim 24. wherein said blopolymer is derived from heparin 

■ ^rs.r " '^S^i^^:^:^^'^:^ ^ com^ex sheeted from .e 

steralkonium chloride, heparin-poly-A/-L^ SilnT h , v ^^P^nn-benzalkoniu^ chloride heoarin 
bromide, heparin-pyridinium ^hlorid'e.^aJ'dTeSnTnt^^^^^ comSex. ''^P^'^"-^'<^°''-^<^'-th,amSu: 

^ridoJecyJmSamSum chiSde. °' blopolymer is. derived from heparin- 

said .lane or said slloxane farther compr.es a Unking group 

'%ame%rafd?pSSir" °' "^'"^ ^^^^^ ^^ected from the group oons.«ng of a sten, a 

31. The coated medical de.ce of daim 30, wherein said stent is an expandable stent 

■poML'fl°u1SetSe' ''tS °^xDa'"nded ""^nn^lTt'^i*' ^^r^' ^^'^^^^"^ f^°^ the group consistina of 
polytetrafluoroeth^ene-perfluo'oalkyf'vS ethe'^^cfnSm , """""^'^^'^ ^t^y^ne p'ojene 

terephthalate.polyurethane;polyuSUSs,s£ne'an^^^^^^^^^^ polyprop^ene. po'Jene . 

'^m^rove}retlr^^^^^^^^^ to a thromboreslstant biopolymer; the 

selected from the group consisting of an isocyanate an iToThl? ► ^"^"^ ^^"'^^ a functional g oup 

an epoxide and In a^iridM h^TerSd ^fbio^fy^^-^- ^ciS 

'^rJurrnSSTa^^^^^^^^^^^ functional group selected from the 

epoxide and an azindine, which has been reacted Sh a bloo vLrV^ ^1 ^Ikyl halide. an 

process of claim 1 1 or daim 20. biopolymer to form a covalent attachment, 'produced by the 

37. AP--sforcoatingamedicaldevicev.thathromboresistantmaterial.comprising: 

. SnSTSf a^n SS^.^.; atSio^L? ^ ttll^^ /..^ ^^'^'^'^ 

epoxide and an aziridine in a solvent to form a silufo^^^^^ ^" alkyl halide, an 

SdXrco^S^^^^^^^^ to said so,u.on to at least partially penetrate 

(c) removing said solvent; and 
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(d) contacting said at least partially penetrated silane or said at least partially penetrated siloxane witli 
a thromboreistant biopolymer havjng at least one amino or hydroxy! functionality. 

38. The process of claim 37, wherein said solvent is selected from the group consisting of 2-propanol, toluene, 
xylene, acetone, DMF, THF, dimethylacetamide, CH2CI2 and Freon, or a mixture or blend thereof. 

39. The process of claim 37, wherein said polymeric coating is selected from the group consisting of 
polytetrafiuoroethylene expanded polytetrafluoroethylene, fluorinated ethylene propylene, polytetrafluoroethylene- 
perfiuoroalkyl vinyl ether copolymer, polyvinylchloride, polypropylene, polyethylene terephthalate, polyurethane, 
potyureas, fibrins, silicone and broad fluoride. 

40. A process for coating a medical device with a thromboresistant material, comprising: 

(a) contacting a silane or a siloxane either of which having a functional group selected from the group 
consisting of an isocyanate, an isothiocyanate, an ester, an anhydride, an acyl halide, an alkyl halide, an 
epoxide and an aziridine with a thromboresistant biolpolymer having an amino or hydroxyl functional group to 
form said thromboresistant material; 

(b) dissolving said thromboresistant material in a solvent to form a solution; 

(c) exposing a medical device having a polymeric covering to said solution to penetrate said polymeric 
covering with said thromboresistant material; and 

(d) removing said solvent. 



41. The process of claim 40, wherein said solvent is selected from the group consisting of 2-propanol, toluene, 
xylene, acetone, DMF, THF, dimethylacetamide. CHjClj and Freon. or a mixture or blend thereof. 

42. The process of claim 40, wherein said polymeric coating is selected from the group consisting of 
polytetrafluoroethylene, expanded polytetrafluoroethylene, fluorinated ethylene propylene, 
polytetrafluoroethylene-perfiuoroalkyi vinyl ether copolymer, polyvinylchloride, polypropylene, polyethylene 
terephthalate, polyurethane, polyureas, fibrins, silicone and broad fluoride. 

43. A coated medical device, comprising a silane or siloxane, either having a functional group selected from the 
group consisting of an isocyanate, an isothiocyanate, an ester, an anhydride, an acyl halide, an alkyl halide, an 
epoxide and an aziridine, which has been reacted with a biopolymer to form a covalent attachment, produced by the 
process of claim 40 or claim 37. 

44. The coated medical device of claim 43, which is a stent, a catheter or a prosthesis. 

45. The coated medical device of claim 44, which is a stent. 

46. The coated medical device of claim 45, which is an expandable stent. 
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